In the present study, the possible direct effects of opioids on the release of LHRH have been studied utilizing the GT1-1 cell model. It has been shown that only opioid agonists which bind to ␦ receptors bring about a significant inhibition of the release of LHRH, when this is stimulated by forskolin-or PGE 2 . The effects of ␦ opioid agonists are dose-dependent, and are reversed by the ␦ specific antagonist naltrindole. If one assumes that the GT1-1 cells represent a good model for the study of LHRH-secreting neurons, the obvious conclusion from these data is that endogenous opioid peptides may influence LHRH secretion also by acting directly on LHRH-secreting neurons. In another study it has been shown that GT1-1 cells possess high affinity-low capacity binding sites for estradiol and androgens. Moreover, a two-fold induction of androgen-binding sites has been observed after treatment of GT1-1 cells with estradiol, indicating that estrogen receptors are functional. The present observations suggest that gonadal steroids might influence LHRH release acting directly on the cells which manufacture and release the hypothalamic hormone. In order to evaluate the possible existence of a humoral communication between glial cells and LHRH-secreting neurons, two different approaches have been used: (a) GT1-1 cells were co-incubated with purified cultures of type 1 astrocytes; (b) GT1-1 cells were exposed to the conditioned medium (CM, untreated or submitted to different experimental procedures) where type 1 astrocytes were grown for 24 h. In both sets of experiments LHRH was measured by RIA in the incubation media of GT1-1 cells. The data show that short periods of either co-culture or exposure to previously frozen or heated CM significantly increase the release of LHRH from the GT1-1 cells. The stimulatory effect on LHRH release appears to be specific for type 1 astrocytes. Surprisingly, fresh CM proved to be inactive; this suggested that the factor(s) involved needed to be 'activated'. Since it is known that TGF␤ may be liberated from its supporting proteins by freezing or heating, the effects of TGF␤ and of a TGF␤-neutralizing antibody were analyzed. The stimulatory effect exerted by the frozen CM was completely abolished by the antibody, while TGF␤1 proved able to significantly increase LHRH release from GT1-1 cells. The present data unequivocally show that type 1 astrocytes in culture release some principle(s), probably TGF␤, able to stimulate LHRH release from the LHRH-producing GT1-1 cell line. To the authors' knowledge, the present data provide the first clear-cut demonstration that the glia may directly intervene in the control of LHRH release via the secretion of humoral factors.
Since Dr SM McCann discovered the presence of LHRF inate in extrahypothalamic structures as well as in the hypothalamus itself; 2 and (b) a series of feedback mech-(LHRH) in hypothalamic extracts, 1 and especially after the elucidation of its structure and its synthesis, an anisms, which include long, short, and ultrashort loops. 3, 4 extremely large number of studies has been devoted to analyze the mechanisms which control the release of However, the anatomical peculiarities of the LHRH system (which is formed by an extremely reduced this hormone both in basal conditions and during critical neuroendocrine events like puberty, the ovulatory number of neurons scattered in the hypothalamic area) have not ascertained in a direct way whether the effects cycle, etc.
There is abundant evidence indicating that the of sex steroids, of neurotransmitters, and other stimuli are exerted directly on the LHRH-synthesizing neusecretion of LHRH from the hypothalamic neurons where it is synthesized may be controlled by different rons, or whether they operate indirectly, by modulating the activity of other neuronal systems in close contact mechanisms acting concomitantly. There is no doubt that these include: (a) nervous inputs, which may origwith the LHRH-synthesizing neurons. Recently, a new experimental model has become available: the GT1 cells. 5 This cell-line has been derived from LHRH-producing neurons by genetically Correspondence: Dr L Martini, University of Milano, Via G Balzaretti 9, 20133 Milano, Italy targeted-tumorigenesis in a transgenic mouse. 5 The three subclones of the GT1 cells so far obtained (GT1-If one assumes that GT1 cells represent a good model for the study of LHRH-secreting neurons, the obvious 1, GT1-3, and GT1-7) show the phenotypic characteristics of neuronal cells, and synthesize and secrete conclusion from the data here reported is that endogenous opioid peptides may also influence LHRH abundant amounts of LHRH. 5 The present paper will summarize the data obtained secretion by acting directly on LHRH-secreting neurons. A second conclusion would be that this effect of in the authors' laboratory aimed at investigating the following points: the opioids is mediated by the ␦ subclass of receptors. Obviously, it must be pointed out that the present data do not exclude that in vivo opioids might also act on (1) The possible direct role of the opioids in controlling LHRH release from the GT1 cells. the release of LHRH via other mechanisms. 2, 7, 9 The data presented here, when analyzed in conjunction (2) 2, 8, 9 Little is known on the site where opioids act in modulating gonadotropin secretion. The natally and after birth. It is now generally accepted that, at least in rodents, androgens are necessary, durmajority of the reports available support the view that the effects exerted by the opioids on the LHRHing the fetal and/or early neonatal life, to 'masculinize' the hypothalamic centers which control male-type gonsecreting system might be indirect, via the interaction with intermediate neuronal systems which influence adotropin and GH secretion, 15 as well as male sexual behavior. 16 In adulthood, sex steroids participate in the LHRH secretion through the release of their specific neurotransmitters. 2 In these systems, the opioids regulation of gonadotropin secretion as well as in the control of sexual behavior. 17, 18 The exact site(s) where would interact mainly with the receptors. 10 There is no clear-cut evidence of a direct effect of natural and sex steroids exert their multiple effects in the brain is (are) still unclear. synthetic opioids on LHRH-producing neurons.
In the present study, the possible direct effects of The purpose of the present work has been to analyze whether LHRH-producing neurons (GT1-1 cells) posopioids on the release of LHRH have been studied utilizing the GT1-1 cell model. In a recent paper, Maggi et sess functional intracellular receptors for estrogens and androgens. The activities of two classical steroid metaal 11 have demonstrated that opioid-binding sites of the ␦ type are present in intact GT1-1 cells. These receptors bolizing enzyme systems (aromatase and the 5␣-reductase/3␣-hydroxysteroid dehydrogenase; 5␣-R; 3␣-appear to be functional, since the treatment of GT1-1 cells with the specific ␦ opioid agonist DPDPE inhibits HSD) have been also tested in GT1-1 cells. The data obtained have clearly shown the presence the intracellular accumulation of cAMP. 11 An obvious question arising from these results is whether ␦ agonof high affinity-low capacity binding sites for estradiol. 19 The affinity observed for estradiol binding is in ists might also influence the release of LHRH. To this purpose, GT1-1 cells were exposed to different opioid good agreement with previous data on brain estrogen receptors of the rat, 20 an animal species philogenetiagonists or antagonists, both in basal conditions or during the exposure to stimuli (forskolin and cally very close to the mouse from which the GT1-1 cells have been derived 5 ; however, the amount of estraprostaglandins) known to facilitate the release of LHRH from this cell line.
12,13 Even if the binding studies cited diol-binding sites found in GT1-1 cells appears to be relatively low; in fact, the concentration of estrogen above 11 indicated the presence of only binding sites in GT1-1 cells, it was felt important to analyze also the receptors determined in the medial preoptic area (MPOA) of the rat hypothalamus (a region which effects of agonists and antagonists which bind to the other major subclasses of opioid-binding sites ( and includes the majority of the LHRH-secreting neurons) has been reported to be 3-4 times higher.
20 k). The data obtained showed that opioid agonists and antagonists were unable to modify LHRH secretion in GT1-1 cells also possess androgen-binding sites.
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The apparent constant of dissociation (K d ) obtained in unstimulated cells. In stimulated conditions, only opioid agonists which bind to ␦ receptors brought the present study for androgen binding is very similar to that reported in the literature for the rat brain androabout a significant inhibition of the forskolin-or PGE 2 -stimulated LHRH. The effect of the ␦ opioid agonists gen receptor. 21 The B max of the androgen-binding sites found in GT1-1 cells (about 10 fmol mg −1 of protein) is (eg, DPDPE) are dose-dependent, and are reversed by the ␦ specific antagonist naltrindole.
14 also comparable to that reported for the rat MPOA. 21 Moreover, a two-fold induction of the androgen-bind-3. Role of the glia ing sites has been observed after 3 days of treatment of As already mentioned, the LHRH release is regulated GT1-1 with estradiol (1 M), indicating that the estroby multiple nervous influences. 2 As discussed in the gen receptors present in the GT1-1 cells are funccase of the opioids, until recently it has been believed tional.
19 that these might be transferred to the LHRH-producing The results obtained in the present study seem to neurons only via inputs of neuronal origin, expressed disagree with those present in the literature, indicating through the liberation, at synaptic or axo-axonal juncthat the majority of the LHRH-immunoreactive neurons tions, of classical neurotransmitters (acetylcholine, catof the hypothalamus do not possess receptors for gonaecholamines, serotonin, etc) as well as of several neurodal steroids, as evaluated using either autoradiographic peptides (opioids, galanin, neuropeptide Y, etc). 2 In the or immunocytochemical techniques (see Ref. 19 , for last few years, a few reports have indicated that glial review). Among the members of the steroid receptor cells may play an important role in controlling neusuperfamily, only the glucocorticoid receptor has been ronal morphology and function. Glial cell-neuron clearly identified in the rat LHRH-immunoreactive interactions have been shown to play a role in the conneurons. 22 If one accepts that the GT1-1 cells represent trol of neuronal migration, of neurite outgrowth and of an example of functional and physiological LHRH-proaxonal guidance, especially during certain phases of ducing neurons, the present observations showing the the ontogenetic development. 27-29 It has also been presence of binding sites for estrogens and androgens
shown that glial cells release in culture (and possibly in this selected population of immortalized mouse neuin vivo) a variety of principles, which include several rons suggest that gonadal steroids might influence growth factors (eg TNF, NGF, TGF␣ and ␤, interleu-LHRH release acting directly on the cells which manukins, excitatory aminoacids (EAAs, like glutamate and facture and release the hypothalamic hormone. Obviaspartate), GABA, opioids and other neuropeptides ously, the present data, and the interpretation offered, (somatostatin, etc). 30 In order to evaluate the possible do not preclude the action of sex steroids on LHRH existence of a humoral communication between glial synthesis and release, through interneurons possessing cells and LHRH-secreting neurons, two different sex steroid receptors and impinging on the LHRH sysapproaches have been used: (a) GT1-1 cells were cotem.
incubated with purified cultures of type 1 astrocytes; Although GT1-1 cells express the estrogen receptor, (b) GT1-1 cells were exposed to the conditioned it appears from the metabolic data obtained in the same medium (CM, untreated or submitted to different study that the estrogen-dependent functions of this experimental procedures) in which type 1 astrocytes transformed cell-line will depend mainly on the uptake (astrocytes represent the major cellular component in of circulating estrogens, or from estrogens originating mixed glial cultures) were grown for 24 h. In both sets in closeby neurons. The GT1-1 cells have been indeed of experiments LHRH was measured by RIA in the shown to be devoid of the aromatase complex, ie of the incubation media of GT1-1 cells at different time interability to convert androgens into estrogens. 19 This vals. result is not necessarily in conflict with the data show-
The data show that short periods (1, 3, 6 h) of either ing that the hypothalamus (especially in newborn co-culture or exposure to previously frozen CM significantly increase the release of LHRH from the GT1-animals) is rich in aromatase activity. 23, 24 It is indeed 1 cells. The stimulatory effect on LHRH release appears possible that this enzymatic activity is not specifically to be specific for type 1 astrocytes (either cortical or present in the LHRH-producing neurons. The results hypothalamic), since neither the CM of oligodendroobtained in the same study and showing that the GT1-cytes nor the CM of LNCaP cells (a cell-line derived 1 cell-line is able to convert testosterone into its correfrom a human prostatic cancer) possess stimulating sponding 5␣-reduced metabolites, DHT and 3␣-diol, activities. Surprisingly, fresh CM proved to be inactive support the view that the 5␣-reduced androgens might while heated CM was effective; this suggested that the be the effectors of testosterone as the feedback agents factor(s) involved might be 'activated' by the two controlling LHRH output directly from the LHRHopposite experimental procedures. Since it is known secreting neurons. 25, 26 that TGF␤ may be liberated from its supporting proIn conclusion, it appears from the present data that:
teins by freezing or heating, the effects of TGF␤ and of (1) estrogens and androgens may directly influence the a TGF␤-neutralizing antibody were analyzed. The function of LHRH-producing neurons since these posstimulatory effect exerted by the frozen CM was comsess the respective receptors; the androgenic receptor pletely abolished by 5 g of the antibody, while 5 ng appears to be prevalent; however, it is clear that the of TGF␤1 proved able to significantly increase LHRH estrogenic receptor, even if poorly expressed, is funcrelease from GT1-1 cells. 31 tional; (2) estrogen may intervene in the modulation of The present data unequivocally show that type 1 LHRH neurons either following diffusion from closeby astrocytes in culture release some principle(s) able to neurons or following transport via the circulation; (3) stimulate LHRH release from the LHRH-producing the feed-back and other effects of 5␣-reduced andro-GT1-1 cell-line, and suggest that TGF␤ might be the gens may take place directly in the LHRH neurons, principle secreted by type 1 astrocytes. since they possess the 5␣-reductase/3␣-HSD system.
To the authors' knowledge, the present data provide 
